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Objectives: To assess the incidence and natural history of full-term neonates with 
interatrial shunt (IAS).
Methods: A follow-up study of 1389 neonates who received screening echocardiog-
raphy between 2003 and 2006. Babies with IAS at 2 to 4 days of life underwent follow-
up echocardiography at 2 to 4 months, 6 to 9 months and 12 to 15 months of age 
until closure of IAS.
Results: The ratio of IAS was 68.3% initially. No significant demographic differences 
were identified between infants with and without initial IAS. Among 949 neonates 
with initial IAS, 84.5% infants had a left-to-right interatrial shunt, 13.5% had bidi-
rectional shunt and 2% had predominantly right-to-left shunt. The persistence rate 
of IAS at 12 to 15 months of age was 3.8% (44/1166). The initial size of IAS ranged from 
1.2 to 7.7 mm (4.3 ± 1.1 mm) detected by color Doppler flow mapping and cases were 
divided into three groups: small ( 5 mm), medium (5 to 8 mm) and large group 
( 8 mm). There were 74.6% infants in the small group and 25.4% in the medium group 
initially. The neonates in the initial small group would always see their IAS close or 
else they would remain in the small group. Those in the final medium and large size 
groups always came from the initial medium group. The late closure rate of IAS was 
93.9% of infants with initial IAS. The closure curves of initial small and medium 
sized groups were significantly different, and their late closure rates were 95.1% 
and 90.4%, respectively.
Conclusions: IAS was very common during early neonatal stage, but most cases would 
close after 1 year. The late closure rate of initial IAS was different if using a cutpoint 
of 5 mm.
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1. Introduction
Interatrial shunt (IAS), caused by patent foramen 
ovale (PFO), functional incompetent valve of fora-
men ovale or secundum atrial septal defect (ASD), 
can be frequently detected by echocardiography 
during the neonatal period.1−10 It does not influ-
ence hemodynamics in early infancy if not associ-
ated with other cardiopulmonary abnormalities.3 
However, it has been implicated as a risk factor for 
cardiovascular events with advancing age. 
Physicians face problems with follow-up plans and 
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family anxiety if their baby’s shunt persists. How-
ever, systemic studies with large cohort size, and 
detailed studies in the literature regarding use of 
neonatal screening echocardiography to evaluate 
full-term neonates with IAS, are sparse. In addition, 
with the development and improvement of innova-
tive echocardiographic instruments, assessment of 
babies with IAS by echocardiography should be more 
sensitive and reliable. To assess the incidence and 
natural history of normal full-term neonates with 
IAS, we performed neonatal screening echocardiog-
raphy and followed up at the outpatient department 
according to protocol. To the best of our knowledge, 
this prospective study is the largest case number 
series about full-term neonates with IAS to date.
2. Patients and Methods
A total of non-biased consecutive 1389 full-term 
infants (717 boys and 672 girls), with gestational ages 
ranging from 37 to 41.9 weeks, received screening 
echocardiography in a tertiary referral center be-
tween January 2003 and December 2004 after writ-
ten informed consent was obtained from their 
parents. They were periodically followed up be-
tween 2003 and 2006. The mean gestational age was 
38.9 ± 1.2 weeks, and mean birth weight was 
3113 ± 436 g. The demographic data and perinatal 
history were recorded and analyzed. We excluded 
infants born to mothers who used special medication 
during pregnancy or had acute or chronic diseases 
that could affect the cardiovascular system of their 
babies. We also excluded symptomatic neonates 
admitted to the neonatal ward or neonates associ-
ated with other congenital heart defects except pat-
ent ductus arteriosus, patent foramen ovale and 
physiological valvular regurgitation. All enrolled 
infants underwent echocardiographic examinations 
between 2 and 4 days of life. The ultrasound scan 
we used was Sonos 5500 ultrasound system (Philips, 
Andover, MA, USA) with a 5- to 12-MHz multifre-
quency transducer for two-dimensional, continuous, 
directional spectral and color flow Doppler map-
ping images. All infants were examined by a well-
experienced pediatric cardiologist, SL Jan, while 
they remained quiet in a supine position. The atrial 
septum was visualized from multiple aspects; par-
asternal short axis view, apical four-chamber view 
and subcostal four-chamber view, in order to assess 
the size, location and direction of interatrial shunt. 
The subcostal four-chamber view was used to focus 
on the atrial septum and measure the size of the 
interatrial shunt by color Doppler flow mapping. 
Serial follow-up echocardiograms were obtained 
according to the following schedule. Infants with IAS 
at 2 to 4 days of life underwent echocardiography 
at 2 to 4 months, 6 to 9 months, and 12 to 15 months 
of age. Babies without IAS underwent echocardiog-
raphy selectively at 4 to 6 months of age to make 
sure of the absence of shunt.
Data are presented as mean value ± standard 
deviation, range or percentage. Statistical analysis 
was performed with SPSS, Version 10.0 for Windows 
(SPSS, Chicago, IL, USA). The Chi-square test or 
Student’s t test according to unequal or equal var-
iance was used to compare the data between ne-
onates with and without IAS. Closure rate of the 
interatrial shunt was prepared by the Kaplan-Meier 
method, and differences between neonates with 
smaller and larger IAS sizes were evaluated using the 
log-rank test and p values < 0.05 were considered 
statistically significant.
3. Results
There were 949 newborns (485 boys and 464 girls) 
with IAS and 440 newborns (232 boys and 208 girls) 
without IAS detected by echocardiographic exami-
nation between 2 and 4 days of life, before being 
discharged. The demographic data and perinatal 
history are shown in the left column of the Table. 
The persistence rate of IAS was 68.3% (949/1389) 
initially, at 2 to 4 days of life. Among these neonates 
with initial IAS, there were 802 (84.5%) neonates 
with a left-to-right interatrial shunt, 128 (13.5%) with 
bidirectional shunt and 19 (2%) with predominantly 
right-to-left shunt detected by color Doppler flow 
mapping. During serial echocardiographic follow-
up, only left-to-right shunts could be observed if 
the shunt persisted. The numbers of infants with 
IAS were 466 (232 boys and 234 girls), 148 (63 boys 
and 85 girls) and 44 cases (22 boys and 22 girls) at 
the 2- to 4-month, 6- to 9-month and 12- to 15-month 
follow-up period, respectively, and the rates of 
persistent IAS were 35.7% (466/1304), 12.2% (148/
1212) and 3.8% (44/1166). There were 85, 92 and 46 
infants with IAS lost to follow-up at the first, sec-
ond and third follow-up, respectively. A detailed 
follow-up flow chart and numbers of babies with 
or without IAS and persistence rates at different ages 
are shown in Figures 1 and 2. A total of 152 babies 
without initial IAS underwent echocardiography at 
4 to 6 months of age for following up neonatal patent 
ductus arteriosus or physiologic peripheral pulmo-
nary stenosis detected by neonatal echocardiographic 
screening, or for checking for heart murmurs inci-
dentally identified. Two infants had a small IAS, but 
both shunts had closed spontaneously at follow-up 
echocardiography 6 months later. They were not 
calculated statistically in this study.
The initial size of IAS ranged from 1.2 to 7.7 mm 
(4.3 ± 1.1 mm) detected by echocardiography and 
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cases were divided into three groups: small ( 5 mm), 
medium (5 to 8 mm) and large ( 8 mm).11 Among 
the 949 neonates with initial IAS, there were 708 
(74.6%) neonates in the small group, 241 (25.4%) in 
the medium group but none in the large group. After 
follow-up, there were 682 infants (358 boys and 324 
girls) with initial IAS but late closure within 12 to 
15 months of age, and 44 infants had persistent 
shunts beyond this age. Statistical analysis was 
performed for these 726 babies with initial IAS who 
were followed up completely. The demographic data 
and perinatal history are shown in the right col-
umn of the Table. There was no significant differ-
ence between patients with late closure and late 
persistence of IAS in gender, birth weight, gesta-
tional age, para gravity and Apgar scores. However, 
the IAS persistence group showed a trend of having 
larger initial diameter (4.6 ± 1.3 mm) than that of 
the IAS closure group (4.2 ± 1.1 mm), though the 
difference was not statistically significant (p = 0.056). 
Among the 44 patients with late persistence of IAS, 
there were 38 cases (86.4%) in the small group, 
four (9.1%) in the medium and two (4.5%) in the 
large. All of the initial small group neonates (n = 708) 
would see their IAS close, apart from 27 cases who 
would still remain in this group. The neonates in 
the final medium and large groups always started 
in the initial medium group (n = 241). Totally, there 
Table The demographic data, perinatal history and initial size of IAS in infants with or without IAS at different ages
 IAS (−) IAS (+)  IAS (+) initially but IAS (+) at final 
 initially initially p-value closure at follow follow up p-value
 (n = 440)  (n = 949)   up (n = 682)  (n = 44)
Gender 232M/208F 485M/464F 0.651 358M/324F 22M/22F 0.748
BBW (g) 3089 ± 438 3138 ± 418 0.05 3128 ± 414 3135 ± 449
 (1920−4912) (1850−4800)  (1850−4800) (2064−3970) 0.908
GA (wk) 38.8 ± 1.2 38.9 ± 1.1 0.053 38.9 ± 1.1 38.7 ± 1.2 0.433
Para gravity 2 ± 1 2 ± 1 0.991 2 ± 1 2 ± 1 0.346
 (1−4) (1−5)  (1−5) (1−4)
Apgar 1 min 8 ± 1 8 ± 1 0.945 8 ± 1 8 ± 1 0.233
 (5−9) (5−9)  (5−9) (6−8)
Apgar 5 min 9 ± 0 9 ± 0 0.163 9 ± 0 9 ± 1 0.099
 (7−10) (6−10)  (6−10) (7−10)
Initial IAS size* (mm) − 4.3 ± 1.1 − 4.2 ± 1.1 4.6 ± 1.3 0.056
  (1.2−7.7)  (1.2−7.7) (2−7.1)
*Initial IAS size measured by the first echocardiographic examination during neonatal period. Data are presented as range and 
mean ± standard deviation or range. BBW = birth body weight; GA = gestational age; NB = newborn; IAS = interatrial shunt.
Total 1389 infants
Echocardiographic screening
Interatrial shunt (+)
(n = 949)
Interatrial shunt (−)
(n = 440)
at 2 to 4 days of life
2 to 4 months f/u
Interatrial shunt (+)
(n = 466)
Interatrial shunt (−)
(n = 398)
Loss to f/u in 85
6 to 9 months f/u
Interatrial shunt (+)
(n = 148)
Interatrial shunt (−)
(n = 226)
Loss to f/u in 92
12 to 15 months f/u
Interatrial shunt (+)
(n = 44)
Interatrial shunt (−)
(n = 58)
Loss to f/u in 46
Figure 1 Flow chart demonstrating the numbers of infants with or without interatrial shunt revealed by follow-up 
(f/u) echocardiography at the different periods.
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were 726 patients with initial IAS who completed 
the 3 stages of echocardiographic studies until 12 to 
15 months of age. Their final IAS closure rate was 
93.9%. If we made a cutoff point by their initial 
size of IAS at 5 mm, we could find that the final IAS 
closure rate of those  5 mm was significantly 
higher than those > 5 mm (95.1% vs. 90.4%, p < 0.01 
by log-rank test, Figure 3).
4. Discussion
Theoretically, foramen ovale is present in all normal 
newborns since premature closure of foramen ovale 
has been postulated to associate with serious con-
genital heart diseases such as hypoplastic left heart 
syndrome or nonimmune hydrops fetalis after birth.12 
After birth, the primary change in circulation is a 
shift in blood flow for gas exchange from the pla-
centa to the lungs that causes serial hemodynamic 
changes. These include raised left atrial (LA) pres-
sure as the result of an increase in systemic vascular 
resistance after interruption of the umbilical cord 
and rising pulmonary venous return to LA after lung 
expansion. In addition, right atrial (RA) pressure falls 
as a result of reducing blood return to RA after 
ductus venosus closure and decreasing pulmonary 
vascular resistance after lung expansion. The com-
petent valve of the foramen ovale will be pressed 
to the interatrial limbus, and functional closure of 
the foramen ovale, without left-to-right interatrial 
shunt, occurs as a result of LA pressure in excess of 
RA pressure.
ASD versus PFO has been used for many years in 
neonatal echocardiographic reports if interatrial 
flow is noted around the foramen ovale. Some re-
ports defined these interatrial shunts simply ac-
cording to size by 4 mm, smaller shunt as PFO and 
larger as ASD.13,14 However, concerning the term 
“patent” foramen ovale, it concerns the functional 
closure status of foramen ovale, and the right-to-
left flow occurs when the RA pressure exceeds that 
of the LA. In adult series, it can only be detected by 
echocardiography with special methods such as 
contrast echocardiography,15 a bubble test with the 
Valsalva maneuver,16,17 accidentally by catheter 
probing in cardiac catheterization, or cadaveric 
study.18 In our study, only 2% of neonates with ini-
tial IAS had with right-to-left shunts that would be 
classified as PFOs. However, most neonates with 
initial IAS had left-to-right (84.5%) or bidirectional 
(13.5%) shunts. Of course, the left-to-right shunt 
and bidirectional shunt were quite different from 
the concept of “patent foramen ovale”. To explain 
the initial left-to-right shunt, Markhorst et al pro-
posed a physiological fluid load at an early neona-
tal stage contributed to the shunt.5 The valve of 
foramen ovale could not fully cover the foramen when 
the atrium was enlarged and the septum stretched. 
They reported the left-to-right shunt would dis-
appear within 1 week after a transient period of 
physiological expansion in the early neonatal stage. 
As in our experience, this would be correct for in-
fants with congenital heart disease complicated 
with congestive heart failure. But the hypothesis 
does not fit for normal babies with IAS beyond 1 
week. In this study, there were still 35.7% of patients 
with IAS at 2 to 4 months of age and all of the in-
teratrial shunts were from left to right. We propose 
that the thickening incompetent valve of foramen 
ovale and/or growing atrial septum could explain 
the late closure of IAS.19−21 Interatrial flow through 
the intact-like atrial septum can usually be detected 
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by echocardiography during neonatal and infant 
periods, especially with two-dimensional and color 
Doppler flow mapping in dual screen. However, 
echocardiography struggles to differentiate between 
the soft and thin “incompetent” valve (functional) 
and structural incompetence (defect) due to the 
limitations of spatial resolution of ultrasound. We 
consider the gradual closure of foramen ovale will 
occur in those with an initial functional incompe-
tent valve and/or small structural defect when the 
valve of foramen ovale has thickened and/or grown 
with age. In other words, a true structural defect, 
secundum ASD, could be identified after a thicken-
ing of the foramen ovale valve beyond 1 year of 
life if the interatrial flow and a  left-to-right shunt 
persisted.
Because of an inability to distinguish between 
functional and structural incompetent valves by 
echocardiography,22 we chose the term “interatrial 
shunt, IAS” in this study as it could also include 
right-to-left shunting PFO. Put simply, IAS around 
the foramen ovale during the early neonatal period 
has three conditions; PFO, a functionally incompe-
tent foramen ovale valve and secundum ASD. The 
right-to-left shunting PFO was the least common 
and would not be detected at the next 2- to 4-month 
follow-up, as neither functional nor permanent clo-
sure. An initial left-to-right interatrial shunt but late 
closure could be attributed to an initial functional 
incompetent valve or a relatively small structural 
incompetence with growing atrial septum. IAS per-
sisting beyond 1 year should be attributed to secun-
dum ASD, a true structural defect.
Previous echocardiographic studies about neo-
natal IAS are few.1−10 Among these, Senocak et al 
reported 415 neonates receiving echocardiographic 
screening in 1996.6 Persistence rates of IAS were 
68.7% within 1 week of life and 0.3% during an 18-
month follow-up. Another larger case number series 
(n = 1072) was reported by Ozcelik et al in 2006.10 
Persistence rates of IAS were 78.6% at 1 to 3 days 
of life and 1.7% at 12 months of age. However, our 
study showed a higher IAS persistence rate of 3.8% 
by 12 to 15 months of age, which might be a conse-
quence of using the modern generation of echocar-
diographic instruments to detect the smaller cardiac 
lesions with higher sensitivity.
When informed that their babies had IAS, most 
parents were concerned about the natural history 
and closure rate of IAS. Although there were no sig-
nificant differences between the initial IAS with late 
closure and late persistency in all parameters in 
our study, the difference in the initial size of IAS 
might be significant if more cases were included. 
In addition, if we chose a cutpoint of 5 mm IAS size for 
comparison, there were significantly different per-
sistence rates between smaller ( 5 mm) and larger 
(> 5 mm) sizes.23 Without regard for initial size, the 
overall late closure rate of IAS was 93.9% at 12 to 15 
months of age calculated by the Kaplan-Meier sur-
vival method. If grouped according to initial IAS size, 
late closure rates of shunt were 95.1% and 90.4% in 
smaller and larger groups respectively. If shunt per-
sisted, all of the initial small size of IAS would fall 
into the small group. Cases in the final medium and 
large size group came from the initial medium size 
group (2.5%, 6/241). Though these six cases has a 
shunt size > 5 mm Hanslik et al13 reported that spon-
taneous closure of secundum ASD was possible even 
for a large defect. They suggested that optional in-
tervention for closure of a significant secundum ASD 
should be postponed until the patient was 6 years 
old if no clinical signs of heart failure presented. 
Those with IAS beyond 12 to 15 months of age still 
received regular OPD follow-up in our hospital.
5. Conclusion
In conclusion, the term “IAS” would be better than 
using simply “ASD versus PFO” in reports of neonatal 
screening echocardiography. Most neonates with 
initial IAS close during 12- to 15-month follow-up 
without symptoms. The closure rate of initial IAS 
beyond 1 year was significantly different if using 
a cutpoint of 5 mm in width for IAS.
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